Introduction
Eigenvalue problems of higher order tensors have become an important topic of study in a new applied mathematics branch, numerical multilinear algebra, and they have a wide range of practical applications [-]. The main difficulty in tensor problems is that they are generally nonlinear. Therefore, large amounts of results for matrices are never in force for higher order tensors. However, there are still some results preserved in the case of higher order tensors.
Throughout this paper we consider an mth order n-dimensional tensor A consisting of n m entries in R: 
where n-dimensional column vectors Ax m- and x [m-] are defined as
This definition was introduced by Qi [] when m is even and A is symmetric. Independently, Lim [] gave such a definition but restricted x to be a real vector and λ to be a real number. Let ρ(A) = max |λ| : λ is an eigenvalue of A , where |λ| denotes the modulus of λ. We call ρ(A) the spectral radius of tensor A. 
If A is not reducible, then we call A irreducible. 
Moreover, if λ is an eigenvalue with a nonnegative eigenvector, then λ = ρ(A). If λ is an eigenvalue of A, then |λ| ≤ ρ(A).
We call x  a Perron vector of A corresponding to its largest nonnegative eigenvalue ρ(A).
In this paper, we are interested in studying some bounds for the Perron vector of A. For this purpose, we define
In the following we first give a new and simple bound for x s /x t . Then we give some lower bounds for
The paper is organized as follows. In Section , some efforts of establishing the bounds of the nonnegative tensor are made. An application of these bounds is studied in Section .
Bounds
In [], the authors have studied the perturbation bound for the spectral radius of A, and they show that a Perron vector x must be known in advance so that the perturbation bound can be computed. Here we cite a lemma for use below.
Lemma . [] Suppose A is nonnegative such that m ≥  and x is its Perron vector x. Then
Define the ith row sum of A as
and denote the largest, the smallest, and the average row sums of A by
Theorem . Suppose A is nonnegative with Perron vector x. Then
Similarly,
It follows from () and () that
and therefore
If we assume x  = , then, for any i = , , . . . , n,
Similarly, If the tensor A is positive, we derive a new upper bound for x s /x t in terms of the entries of A and the spectral radius ρ(A).
Theorem . If A is positive with Perron vector x, then
Proof First, we prove the right side of (). Now we consider
so we can get
On the other hand,
and so we can get
This completes the proof.
In the following corollary, we get some bounds for x t / n j= x j and x s / n j= x j in terms of the entries of A and the spectral radius ρ(A).
Corollary . If A is positive with Perron vector x. Then
Similar to the proof of Theorem ., we can get the results.
Remark Similar to the proof of Theorem ., we can get the lower bound of We let P = {(y  , y  , . . . , y n )|y i ≥ } be the positive cone, and let the interior of P be denoted by int(P) = {(y  , y  , . . . , y n )|y i > }. Theorem . Let A be weakly irreducible. For a nonzero x ∈ P, we define
≤ max
By the result of Lemma . in [], we have 
